Abstract: Leguminous plants have been used for centuries by rural communities as food, medicine and for cosmetic applications. The aim of this study was to evaluate the influence of spray-drying temperature on physicochemical and functional properties of protein isolates from three leguminous species. We found that pH is a major parameter of proteins' solubility. The highest solubility was observed at pH 2 and between pH 8-12. The isoelectric pH was 4.5. The protein content of protein isolates was between 78.97% for Vigna Unguiculata and 88.43% for Glycine max. Highest water absorption capacity was observed when spray-drying temperature was at 130°C. The smallest gelling concentration of isolates was between 18 and 20% for G. max; 14-16% for V. Unguiculata; and 8-12% for C. ensiformis. The coalescence phenomenon followed by clarification was observed on emulsions after 24 h with the help of a turbiscan. The granulometric distribution of emulsions was monomodal.
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The work which we present in this article is aimed at valorising the proteins of some under/ badly exploited leguminous protein isolates obtained after extraction and spray-drying in powder form. They will thus be more easily conserved and used compared to those in liquid form. Gifted with physicochemical and functional properties, these isolates could be used in food and non-food systems.
PUBLIC INTEREST STATEMENT
Available and less costly, legumes constitute an important source of proteins for they are varied and greatly used in Africa, particularly in Cameroon. For their individual valorisation, it is necessary to have them in large quantities and as pure as possible. Proteins are currently commercialised in the form of concentrates and/or isolates. Many legumes have already been the object of numerous works, yet there still exist some varieties which are little known by the population, varieties as Mucuna pruriens and Canavalia ensiformis. Their dry grains have a protein content which could go to 32.4 and 35.0% of dry matter, respectively. It is for this reason that we study in our article some physicochemical and functional properties of protein isolates of three leguminous plants with respect to the spray-drying temperature.
Introduction
Leguminous plants have been used for centuries by rural communities as food, medicine and cosmetics. There have recently been new interests in these products specifically for use in food and non-food formulations. Leguminous plants are a great family of plants characterised by cloves which have several colours and shapes commonly called legumes. They gather almost the highest number of vegetable species with not less than 18,000 species and 650 genders (1). Three major categories of leguminous plants can be distinguished from amongst the most known and cultivated in the world. These are beans (white beans, red, black, romans, mungo, soy, etc.), lentils (green, brown, black, red, etc.) and peas (broken, entire, meagre, etc.) (2) . In some areas, only soy, groundnut, bean, peas, beans and lentils are the most useful legumes to man. They are thus used as nutritional complements for the manufacture of livestock food due to their rich carbohydrate and fibre contents. Leguminous plants are also a good source of vitamins and minerals, but are globally poor in fats except for soy. Nevertheless, they have high protein contents which may go up to 40% depending on the variety; they also contain magnesium, iron, calcium and selenium, an antioxidant which helps fight against ageing (3, 4) .
Consumption of leguminous plants can be a good alternative to animal products as far as proteins are concerned. Elsewhere, there exist numerous species of leguminous plants which are less known and/or under exploited. This is principally the case of Canavalia ensiformis and Vigna Unguiculata. These plants are sources of food for certain tribes and ethnic groups of Asia and Africa (5, 6) . Unfortunately, C. ensiformis is less known and its grains are less consumed because it contains numerous anti-nutritional factors such as phytates, tannins, phenols, trypsin inhibitors, L-Dopa and canavanin (7) . Though V. unguiculata is consumed in most sub-Sahara African countries, its potential is still under exploited and post-harvest issues persist (8) . In fact, more than half of the harvest is lost because of devastating insects such as beetles, thysanopteran, heteropteran and lepidopteran, which are, respectively, prefloration insects and flower devourers, clove suckers and stock insects (9) . Most of these devastating insects can cause up to 70-100% yield loss beginning from flowering to storage (10) . Consequently, it is urgent to valorise the protein potential of these leguminous plants while keeping their essential properties.
Extraction is the most efficient way of separating and recovering proteins from non-protein components in these plants. The extraction of proteins therefore is not only aimed at valorising them. It is also a means of studying their properties with ease, thus obtaining a convenient product usable in food and non-food systems. Protein concentrates are used in the industry for their emulsifying and foaming properties. In order to obtain long-term stability in addition to great functionality and ease of use, numerous food products, liquid or solid, are dehydrated or transformed mechanically into powders. Criteria like process performance and the quality of the product should be therefore respected. Nowadays, the spray-drying technology is considered as one of the principal methods of powder production in various domains given its several advantages. The aim of this present work is therefore to study the effect of spray-drying technique on the protein properties of three Cameroonian leguminous plants.
Material and methods

Material
The vegetable material used in this work was made of leguminous flours from C. ensiformis, Glycine max and V. unguiculata grains obtained from local markets of Ngaoundere town. Grains were sorted manually to remove impurities and infested grains. The other reagents used in this work were of analytical grade.
Preparation of C. ensiformis, G. max and V. unguiculata flours
The different flours were produced using the method of Kaptso (11) , which consists of steepingdrying-dehusking and drying. Grains were steeped separately in distilled water in a ratio of 1/5 (w/v) for 12 h at room temperature, then wrung and dried for 48 h in a ventilated electric dryer at 40°C.
Dried grains were then dehusked with a manual abrasive, winnowed, ground and sieved with a 500-μm mesh sieve. Powders obtained were sealed in polyethylene bags and kept at 4°C for further analysis.
Proximate analysis
Water content, ash content, total protein content and water activity were determined using the standard methods (12, 13).
Solubility of proteins with pH: determination of isoelectric pH
The effect of pH on the solubility of C. ensiformis, G. max and V. unguiculata proteins was determined with a modified method of Sathe et al. (14) . A solution of each flour was made with distilled water and the pH adjusted from 2 to 12 with HCl 1 M or NaOH 1 M. The obtained solutions were agitated for two hours at room temperature and then centrifuged at 4000 rpm for 1 h. The supernatants were collected and the proteins assayed using the BCA (Biccinchonic Acid) method. The quantity of soluble proteins was expressed in percentage of dry matter.
Protein extraction by precipitation at isoelectric pH
The extraction of soluble proteins of each leguminous flour was carried out using a modified method of Yemisi et al. (15) . Adequate quantities of flours were mixed with NaCl (0.1 M for G. max and V. unguiculata and 0.4 M for C. ensiformis) in a ratio of 1/5 (weight/volume). pH was then adjusted to 11 for G. max and V. unguiculata and 8.8 for C. ensiformis using a solution of NaOH or HCl at 1 M. The mixtures were then incubated at 28°C with agitation (600 rpm) using an electric Lab-Mix agitator 20 for 2 h, then centrifuged at 4,000 rpm for 1 h at 4°C. The supernatants were collected and re-extracted twice. The obtained supernatants were then precipitated at their isoelectric pH and spray-dried. Each experiment was carried out twice.
Spray-drying of protein extracts
Precipitates of protein extracts were dried by atomisation using a pilot plant's Pignat atomiser. This device was equipped with a centrifuge scatter tool driven by an air turbine. The drying process was in co-current. The experimental test conditions were: three drying temperatures (130, 170 and 200°C), the rate of the fan was fixed at 70 m 3 /h, the compressed air pressure was at 2 bars and the rate of the pump was 16.6 mL per minute.
Physicochemical and functional properties
Water and oil absorption capacity
Water and oil absorption capacities were determined using the modified method of Adebowale et al. (16) . 0.5 g of sample was mixed with 10 mL of distilled water or 5 mL of sunflower oil (d = 0.865 ± 0.008), respectively, for water absorption capacity and oil absorption capacity. The mixture was then vigorously stirred at 250 rpm for 30 min with a Lab-Mix-20 magnetic stirrer and then centrifuged at 4,000 rpm for 30 min. The sediment was collected and the water and oil absorption capacity was calculated.
The least gelation concentration
The method used here was the one of Sathe et al. (17) . Suspensions (5 mL) of protein isolates from 2 to 20% (w/v) were mixed with distilled water in test tubes. They were then heated in a boiling water bath for 1 h, and allowed to cool at room temperature, then kept at 4°C for 2 h. The least gelation concentration was estimated visually as being the one where the gel didn't flow after over turning the test tube.
Foaming capacity
The foaming power inside water was determined according to the method of Adebowale et al. (16) . A 2% (w/v) solution was made in a graduated cylinder, and submitted to intense mechanical agitation using a rotor-stator system device (Ultra-Turrax) for 5 min at 13,500 rpm. The foaming power (FP) in percentage was calculated with respect to the increase in volume due to the addition of gas. The foam stability (FS) corresponds to the time necessary for the volume of the foam to diminish after a certain time t.
Emulsifying properties 2.7.4.1. Preparation of emulsions:
The protein solutions were prepared at 5% (w/v) concentrations with distilled water at room temperature (18) . These solutions were then agitated at 500 rpm for 2 h so as to solubilise the powder. Sunflower oil (d = 0.865 ± 0.008) was used to make a 20% (w/v) oil-inwater emulsion while mixing the appropriate volume of oil with the protein solution for 10 min using Ultra turax device equipped with a rotor/stator system at 13,500 rpm.
Characterisation of emulsions:
The physicochemical characterisation of different emulsions was done on the same day of their preparation. Their stability was studied using the Turbiscan. Measures were recorded each hour for 24 h. The size of emulsion droplets was measured by laser diffraction using a Mastersizer Malvern in humid conditions (Hydro 2000S, Malvern Instruments SA, Orsay, France) at 25°C. Distribution curves obtained were represented in volumic fraction (%) and correspond to the mean of three independent measures. (20) who show that the solubility of proteins from leguminous plants gets higher as we move away from their isoelectric pH. This can be explained by the fact that at isoelectric pH, proteins have a null net charge and thus no repulsive interactions, and the solubility is lower because protein-protein interactions are favoured (21). When we move away from isoelectric pH, net charges are induced and protein-water interactions are favoured, rendering the proteins soluble. pH thus plays a major role in the solubility of proteins. Solubility will however also depend on other factors such as the method of extraction and the ionic strength of the medium.
Results and discussion
Proteins' solubility: Isoelectric pH
Physicochemical composition of protein extracts
The protein content varies from 79.15% for V. Unguiculata atomised at 170°C to 88.43% for G. max atomised at 200°C on dry base (Table 1) . These values are higher than the one obtained by Boye et al. (22) 
Proteins solubility (%)
pH on protein concentrates of lentils and peas. Nevertheless, no matter the spray-drying temperature, the protein content obtained is higher than that of Ngatchic et al. (24) which was 63.81% on protein concentrates of C. ensiformis. Ash and water contents on their part vary, respectively, around 4% for C. ensiformis and V. Unguiculata; 3% for G. max; 3% for C. ensiformis; and 4% for V. Unguiculata and G. max (Table 1) . These values are similar to those obtained by many authors (25) (26) (27) . Given the water activity variation of protein isolates with spray-drying temperature being globally low (lesser than 0.6), micro-organisms will not grow easily. This will lead to a longer preservation time. Differences in the composition of protein extracts may be linked to the treatment conditions (extraction method, duration, temperature, material and drying method) during the extraction process and the cultivation or harvest seasons (28).
Oil and water absorption capacity
Water absorption capacity ranges between 140% for G. max spray-dried at 200°C and 470% for C. ensiformis spray-dried at 130°C (Figure 2 ). Proteic concentrates of C. ensiformis show a higher water absorption capacity when compared to V. Unguiculata and G. max. In addition, no matter the leguminous plant, the highest water absorption capacity at the spray-drying temperature of 130°C was 168% for G. Max; 390% for V. Unguiculata; and 470% for C. ensiformis. The poor water absorption capacity of protein isolates of G. max compared to the two other leguminous plants can be explained by the presence of fats in the isolates. In fact, the absence of fats in proteins exposes water acceptor groups of the proteins in a hydrophilic environment, leading to an increase in water absorption capacity contrary to proteins whose units groups are blocked in a lipophilic environment. Similar observations were made by Adebowale et al. (16) 
Water absorption capacity (%)
Oil absorption capacity as far as it is concerned extends from 64% for spray-dried G. max at 200°C, which is the least value, to 176% for spray-dried C. ensiformis at 170°C, which is the highest value ( Figure 3) . The three species of leguminous plants have a better oil absorption capacity at 170°C. However, just as water absorption capacity, G. max has the smallest oil absorption capacity no matter the spray-drying temperature. This can be explained by the fact that lipophilic groups of G. max proteins initially contain more oil than the other two. These values are largely greater than those obtained by some authors like Adebowale et al. (16, 29) . The capacity of the spray-dried protein isolates to absorb water shows their ability to conserve oil and water, which will certainly influence their behaviour in food and non-food systems.
The least gelation concentration
The least gelation concentration of the protein isolates of each leguminous plant was not significantly different with the spray-drying temperature (Table 2) 
Foaming properties
The foaming capacity of the three protein isolates varied with the variety of the leguminous plant ( Figure 4 ). In general, protein isolates of G. max presented the smallest foaming capacity no matter the spray-drying temperature, whereas those of V. unguiculata spray-dried at 200°C and C. ensiformis spray-dried at 170 and 200°C presented a foaming capacity greater than 100. These values are greater than those obtained by Okorie and Bello (31) on the protein isolates of soy.
The volume of the foams from V. unguiculata and C. ensiformis was still high above 10 mL after 60 min, which expresses their stability for a relatively long time ( Figure 5 ). This good foaming property of protein isolates of V. unguiculata and C. ensiformis shows that they can be used as foaming agents in food creams or in cosmetics such as shampoos, shower gels and foaming baths.
Properties of emulsions
Emulsions' stability
No matter the spray-drying temperature and the variety of leguminous plant, the emulsion destabilised with time and the destabilising phenomenon observed was sedimentation ( Figure 6 ). The emulsion made with protein isolate of G. max atomised at 170°C sedimented less rapidly than those of V. Unguiculata and C. ensiformis when the sample's particle size is less than 10 mm. Above 10 mm, coalescence could be observed till 40 min, after which the emulsion clarified. Figure 7 shows the particle size distribution of the protein isolate emulsions. It can be observed in general that all the granulometric curves are monomodals, and that the emulsions obtained with protein isolates spray-dried at 170°C had the smallest size compared to those spray-dried at 130 and 200°C, which provides it stabilisation with time; since the lesser the particles size, the better the stability of the emulsion (32) . These results reflected the ones obtained with the Turbiscan. 
Particles size distribution of emulsions
Emulsion textures
The textural profile of emulsions, obtained using penetration tests, shows a positive area which varies with the hardness and elasticity of the emulsion (Figure 8 ). The curve trends are similar to those obtained by Zhihua Pang et al. (33) on gels of gelatine with and without milk proteins where we observed that the hardness increased rapidly with the elasticity till a maximum before decreasing in spite of the increase in the elasticity. In general, no matter the spray-drying temperature and the type of leguminous plant, the elasticity of the emulsion was between 8 and 10 min. Emulsions made with protein isolates of V. Unguiculata showed a hardness of up to 0.55 N for a spray-drying temperature of 200°C, 0.53 N at both 130°C and 170°C. Elsewhere, the highest hardness (0.66 N) was obtained with protein isolates of G. max at 130°C. Points of the curves where the hardness changes concavity are points of emulsion droplets' breakage. This emulsion textural profile is important for the flow of cosmetic products when conserved in a bottle.
Conclusion
The influence of spray-drying temperature on physicochemical and functional properties of protein concentrates of three leguminous plants was evaluated. This study shows that no matter the spraydrying temperature, the protein content of the protein isolates is high compared to other methods of concentration/purification of protein extracts. Also, great water and oil absorption capacities of protein isolates obtained by this method show their ability to keep water and oil if they are used in food and non-food systems. The good foaming property of protein isolates of V. unguiculata and C. ensiformis gives them the possibility of being used as foaming agents in cosmetic products like shampoos, shower gels and foaming baths. However, the coalescence phenomenon of emulsions obtained in this study was observed in less than 24 h with an adequate textural profile for the flow of products during their conservation. 
